A good C-banding pattern or a modified C-banding pattern is obtained after digestion with some restriction endonucleases (REs) on the fixed metaphase chromosomes of four liliaceous species. The C bands of A Ilium subvillosum and Muscari comosum are resistant to digestion with some REs whose recognition sequences are either GC-or AT-rich. The telomeric C-bands of A. cepa are resistant not only to some endonucleases whose recognition sequences are absent in the DNA satellite existing in these regions, but also to some endonucleases for which there exist numerous recognition sequences. However, the GC-rich C-band associated to the NOR of Scilla autumnalis is entirely digested by Hae III, and some of the faint GC-rich C-bands of the three NORs of A. subvillosum are digested by Hae III, Alu I or Rsa I. The action of endonucleases on plant chromosomes in general, and particularly on heterochromatin and NORs, together with the usefulness of these enzymes in cytogenetic analyses of plants, are
discussed.

INTRO DU CTI ON
The development of restriction endonuclease banding over recent years has yielded a valuable tool for chromosome analysis to add to the numerous banding techniques which were previously available. This new banding method has already been applied to the chromosomes of an extensive variety of animal species (see for instance Schmid and Almeida, 1988) . However, the only plant species cytologically analysed by means of restriction endonucleases, at least to our knowledge, is Vicia faba (Frediani et a!., 1987) . After digestion of fixed animal chromosomes with REs two conclusions seem clear: (1) the enzymes selectively digest chromosomal DNA, and (2) the enzymes act on chromosomes regardless of the organizational compactness of specific areas. In relation to the first point, G-and C-banding (or modified G-and C-banding) are demonstrated in warm-blooded vertebrates after digestion with restriction enzymes, while only C-bands are shown in cold-blooded vertebrates and insects. In relation to the second point, restriction enzymes have been found to digest not only the euchromatic regions but also certain regions of constitutive heterochromatin of many animal chromosomes. For instance, the mouse Y chromosome and certain regions of human chromosomes are extensively digested by either Mbo I or Alu I, despite of being regions of contitutive heterochromatin (Mezzanotte et al., 1983 (Mezzanotte et al., , 1985 Miller et a!., 1983; Mezzanotte and Ferrucci, 1984) . In V. faba, however, treatment with Mbo I or Alu I produces metaphase differentiation which is very similar to the C banding pattern, i.e., neither enzyme digests C bands with the exception of the NOR-associated C band of the secondary constriction. Frediani et aL (1987) hypothetize that in V.faba (and in general in plants indeed) C band regions represent an impediment to nuclease activity.
In this paper we have examined fixed metaphase chromosomes of four suitable liliaceous species with different types of C-bands, Scilla autumnalis, A. subvillosum, Muscari comosum, and A. cepa after digestion with some REs. In general, a good C-banding pattern is obtained in all cases; the C bands are resistant to all the used R. Lozano, M. Jamilena, C. Ruiz Rejón and M. Ruiz Rejón enzymes, but C bands localised in the nucleolar organizers can be digested by some enzymes.
were also destained overnight in Carnoy fixative and left a few days in absolute methanol.
MATERIALS AND METHODS
Three species of family Liliaceae are initially analysed: S. autumnalis L., A. subvil!osum L., and M. cornosum L. Miller. Bulbs of each species were collected at several natural populations in Granada (Spain) and were grown under hydroponic conditions over 2-7 days. We have also obtained commercially bulbs of A. cepa and analysed lateral root tips. Slides were treated follawing the technique described in Schwarzacher et a!. (1980) . The conventional C-banding, silver nitrate staining and fluorochrome staining were performed according to Schwarzacher etal. (1980) , Kodama eta!. (1980) and Schweizer (1976 Schweizer ( , 1980 , respectively.
The restriction endonuclease-induced banding and sequential staining procedures were made as follows. In situ digestions with restriction endonucleases were carried out by adding the specific enzyme solution plus appropriate buffer to slides of mitotic preps. The concentration of endonuclease varied from 05 to 1 units/l (table 1) .
As a control preps of the same individuals were treated with buffer alone. Both types of slides were incubated for 16 hours in a moist chamber at 3 7°C.
The slides were then washed with distilled water and stained with 2 per cent Giemsa in phosphate buffer at pH 68 for 5 mm. After photographing good mitotic metaphases the slides were destained with Carnoy fixative for a few minutes and then sequentially stained with fluorochromes and silver nitrate as previously described. Between staining with fluorochromes and silver nitrate the preps RESULTS Scilla autumnalis L.
S. autumna!is has a standard karyotype with 2n = 14 chromosomes ( fig. 1(a) ). Only one NOR located in the intercalary satellite of the fifth chromosome pair exists ( fig. 1(b) ); and only one positive C-band is seen: again in the NOR ( fig. 1(c) ). This heterochromatic band is CMA3 positive ( fig. 1(d)) and DAPI negative ( fig. 1(e) ); therefore it is assumed to be GC-rich.
After treatment of fixed metaphase chromosomes of S. autumnalis with Alu I, Rsa I and Dra I respectively the banding pattern obtained is similar in each case and similar to the C-banding pattern.
That is to say, the positive C band of the NOR is resistant to these three enzymes. This is confirmed after sequential staining with Giemsa ( fig. 1(f) ), and fluorochromes ( fig. 1(g) ): it remains as the CMA3 positive ( fig. 2(a) ) and DAPI negative band.
In the interphase nuclei two small chromocentres persist ( fig. 2(a) ), and after subsequent Ag-staining we can show that it is still possible to visualize the NOR. In constrast, after digestion with Hae III (whose target is only composed of GC pairs) and subsequent Giemsa staining no bands can be seen in the karyotype of S. autumna!is ( fig. 1(h) ), neither does any CMA3 positive band exist after sequential staining with fiuorochromes (figs 1(i) and 2(b)). That is to say, the positive C band of the NOR is entirely digested by Hae III. In accordance with this observation, after Hae III digestion the interphase nuclei lack chromocentres ( fig. 2(b) ). 
C* = C-banding pattern but some of C-bands NOR-associated are digested. C** = The only C-band of the species is NOR-associated and it is digested. Figure   1 Haploid karyotypes of Scifla autumnalis L. showing orcein staining (a), silver staining (b), C-banding (c), CMA3 staining (d), DAPI staining (e), Giemsa staining after Dra I digestion (f), CMA3 staining after Dra I digestion (g), Giemsa staining after Hae III digestion (h), CMA3 staining after Hae III treatment (i) and silver staining after Hae III digestion (j). Bar represents 5 m.
Finally, after sequential Ag-staining it is still possible to visualize the NOR ( fig. 1(j) ). In S. autumnalis and all the other species analysed here the controls show that no bands can be produced with Giemsa or fluorochrome staining after incubation in buffer alone. M. comosum has a standard karyotype with 2n = 18 chromosomes ( fig. 5(a) ). The long arm of the first chromosome pair shows four or five interstitial heterochromatic bands ( fig. 5(b) ). These heterochromatic areas are seen as two big chromocentres in the interphase nuclei. After Agstaining it is possible to visualize a faint NOR in a small pair of metacentric chromosomes ( telomeres (Vosa, 1976; Stack et aL, 1979) . A variable number of NORs (1-4) exists in this species (Sato, 1981) . These NORs are localised on the short arm of a pair of subtelocentric chromosomes (the regular nucleolar chromosomes) and on the short arm of the smallest submetacentric pair. This variability is thought to be a consequence of NORs "jumping" between terminal heterochromatic blocks of the above mentioned chromosomes (Schubert and Wobus, 1985) . Tandemly , 1984) , and the paracentromeric heterochromatic areas of human chromosome 1, 9 and 16 can be digested using Hinf I (Bianchi et at., 1985) . In accordance with Figure 6 Allium cepa mitotic chromosomes after digestion with Hind III (a) and I-lae III (b) followed by CMA3 staining. Bar represents 10 m. However in a theoretical comparative analysis between the satellite DNA of A. cepa and those of the above mentioned animal species it is found that in both cases fragments of similar size would be generated after digestion with specific enzymes (table 2) . Furthermore these fragments are all under the critical maximum of 350 bp thought to be necessary for in situ DNA extraction (Miller et al. , 1983 and Mezzanotte, 1986) . The resistance of the heterochromatin of these liliaceous plants to REs can be explained by any of the following hypotheses: (i) plant heterochromatin has a higher degree of methylation than animal heterochromatin and this can mask the recognition sequences of some REs; (ii) the optimal size of the fragments extracted from plant chromosomes is smaller than those in animal chromosomes, and (iii) plant heterochromatin in general, unlike animal heterochromatin, is not accessible to REs due to its different structure and/or organization. Considering the first hypothesis, it is known that some satellite DNAs, such as that of the mouse or S. sibirica contain more methylated cytosine residues than main-band DNA. In the case of the mouse, the satellite DNA contains almost twice as much methylated cytosine as the rest of the DNA, and in Scilla the number of methylated C residues in the satellite DNA far exceeds that of any other eukaryotes (Deumling, 1981) . Although the degree of methylation of the telomeric DNA of A. cepa is not known, it has been shown that DNA isolated from these satellite regions can be cut extensively with for instance Alu I and Hae II (Barnes et a!., 1985) . Thus the in situ resistance of this chromatin to REs cannot definitively be attributed to methylation. In relation, to the second hypothesis, we are now doing codigestion experiments with two or more REs in order to obtain smaller fragments and to determine whether these can be extracted from plant heterochromatin in situ. So far the results of such experiments in A. cepa suggest that heterochromatin remains resistant after enzyme codigestion (unpublished data). Our observation of resistance of plant heterochromatin to digestion with an enzyme for which it has sufficient targets would then support the conclusion that plant and animal heterochromatin may well be different. Many differences between plant and animal chromatin have been described, e.g., plant chromosomes are more highly condensed than animal chromosomes and contain a higher propertion of repetitive DNA (Greilhuber 1977; Nagl, 1976) . Plant chromatin lacks the DNAase hypersensitive sites present in animal chromatin (Murray and Kennard, 1984) and the high mobility group (HMG) proteins vary markedly between kingdoms (Spiker, 1985) . In addition there may be some differences in the organisation of the chromatin fibres between plants and animals (Schweizer 1979) . On the other hand, Burkholder and Weaver (1975) have found that DNAas I digests extended chromatin faster than condensed chromatin possibly because of the higher DNA-protein complexes in hetero-chromatin. It is also known that the heterochromatin can differ in relation to euchromatin not only in DNA sequences but also in the presence of certain proteins which preferentially bind to supercoiled satellite DNA (Commings et a!., 1973; Hsich and Brtttlag, 1979) . Our finding that the NOR-associated C bands of S. autumnalis and A. subvillosum can be digested by specific REs is indicative of two facts. Firstly, the structure of plant heterochromatin per se is not necessarily an absolute and insurmountable impediment to RE action. Secondly, there are at least two types of heterochromatin in plants: that which is not accessible to RE action (all the general C-bands) and that which is accessible (the C-bands associated to the NORs). But why should the NOR-associated C-bands exhibit a different digestion pattern to the other C-bands? It is possible that the former are susceptible to nuclease attack because their structure and/or organisation is dissimilar to the C-bands of the rest of the karyotype. Alternatively the NOR-associated C-bands could be RE-sensitive by virtue of their location on the chromosome, i.e., such that these bands are more accessible than the others to REs. In relation with the first explanation, it is known that certain nonhistone proteins are specifically associated with the NOR chromatin (Schwarzacher et a!., 1978; Likovsky and Smetana, 1981; Spector et aL, 1984; Schmid, 1982; Hubbel, 1985) . These proteins can alter the structure/organisation of an NOR (including the neighbouring heterochromatin) such that it becomes susceptible to the action of specific REs. Considering the second explanation the NOR-associated C-bands would be more accessible to REs because they are localised close to a region which is relaxed and active throughout much of the cell cycle. Recently Sato (1988) has also shown, using acridine orange staining after C-banding, that the NOR-associated heterochromatic segments of some plants were differentiated from other heterochromatic segments of the chromosomes. On the other hand, the observation that NORs can be visualised with Ag even after digestion of the associated heterochromatin can be interpreted as follows. Firstly it is possible that Ag and Giemsa do not stain identical chromosome regions. Thus the digestion of C-bands close to the NOR would not affect the rDNA with NOR activity. There is some cytological evidence that the C-bands are adjacent to and distinct from the active NOR (Pathak, 1980; Schubert, 1984) , although in the majority of our observations Cbanding appears to overlap with Ag banding. A second explanation could be that the REs extract some of the DNA of the NOR without disrupting the silver-sensitive protein, such that the latter persist and allow subsequent staining and visualisation of the NOR.
The restriction endonuclease banding technique we have applied in this work can be very useful in the cytogenetic analysis of plants because although it does not allow G-banding it does permit the sequential analysis and characterisation of chromosomes by C-banding (or similar) and fluorochromes (thus we can obtain information about heterochromatin and its composition).
Finally, this technique also yields data concerning the NORs of the species studied. Conversely the application of conventional C-banding to fixed chromosomes of plants only allows the subsequent staining with fluorochromes and not with silver nitrate. This is possibly due to the fact that Cbanding extracts more DNA and proteins and acts less specifically (Holmquist, 1979; Hancock and Sumner, 1982; Burkholder and Duczek, 1982) than restriction enzyme banding, thereby totally eliminating rDNA and its associated proteins and altering the structure of the NOR. One final comment about this technique: if only one staining is performed after REs digestion, it is better to use fiuorochromes rather than Giemsa. After Giemsa staining some C-bands are not visualized but after fiuorochrome staining it is clear that these bands persist (see figs 3(f)-(m) and 4(a), (b), (d), (e)).
In order to prevent making mistakes about the effects of REs on fixed chromosomes it is therefore necessary to visualize the chromosomes with fluorochrome staining.
